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Snoring in twins 
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Snoring is a prerequisite for obstructive sleep apnoea (OSA) and is known to run in families. Recent studies 
have provided sufficient evidence for a familial predisposition to OSA. In our study, 492 monozygotic and 284 
dizygotic twins were contacted by telephone and asked to attend an interview which included questions of life 
habits, medical history, sleep habits and disorders, with particular emphasis on snoring. Our study showed 
that the probandwise concordance rate for habitual snoring was higher in monozygotic twins than in dizygotic 
ones, but the difference was not significant. The comparison of concordant pairs for habitual snoring vs. 
concordant pairs for non-snoring confirmed that habitual snoring is significantly associated with older age, 
male gender, higher body mass index (BMI), smoking and respiratory diseases. The multivariate analysis in 
the discordant groups confirmed that BMI is more strongly associated to habitual snoring in dizygotic twins 
than in the monozygotic ones. Our logistic analysis showed that other variables, such as smoking and 
respiratory diseases, are associated with habitual snoring in dizygotic pairs, but not in monozygotic ones. 
These findings suggest a genetic predisposition to habitual snoring. 
Introduction 
Several epidemiological studies have shown snor- 
ing to be a complaint that should be neither ignored 
nor belittled, as a strong association has been 
observed between habitual snoring and vascular dis- 
eases (1). From the literature, a plausible explanation 
for such an association is the occurrence of obstruc- 
tive sleep apnoea (OSA) in snorers (2). Several ana- 
tomical factors, in addition to functional factors, can 
contribute to snoring. Snoring is strongly associated 
with obesity, smoking, alcohol, male gender, and an 
age between 40-65 years (3). However, susceptibility 
to snoring is almost certainly influenced by other 
factors. 
In a recent study (4) we found an abnormal 
distribution of fibre types in the medium pharyngeal 
constrictor muscle of habitual snorers, suggesting 
that such an abnormal muscular distribution could 
be constitutionally determined. 
Several reports of families with multiple affected 
members indicate the possible inheritance of the 
expression of OSA ($6). It is already known that an 
evaluation of monozygotic and dizygotic twins can 
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indicate the relative role of genes and the environ- 
ment in human observational studies. Thus, in order 
to specify the role of genetic factors and life habits in 
the development of snoring, we elected to perform a 
study on twins. 
Subjects and Methods 
The study sample was drawn from the census list of 
twins living in Milan in 1987, who were born between 
192771957. Zygosity was determined by the twins’ 
opinion of their zygosity-if both members of the 
pair answered affirmatively to the question ‘When 
you were young were you often mistaken for your 
twin because of your physical similarity?, they were 
classified as monozygotic (7). 
Four hundred and ninety-five pairs, randomly 
chosen, were called by telephone for an interview that 
included questions on life habits, medical history, 
sleep habits and disorders, with particular emphasis 
on snoring. Additional information about snoring 
and breathing pauses during the night was obtained 
from the bed partners or room mate of each twin. 
The following variables were considered present: 
(1) Habitual snoring, if the twin (and bed 
partner) reported that the subject snored ‘always’ or 
‘almost always’; 
(2) Weight increase, if the twin reported a weight 
increase of at least 2 kg in the previous 2 yr; 
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(3) Large meal, if a twin answered that he/she 
usually ate much more than his/her twin; 
(4) Smoking, if the twin reported smoking at 
least one cigarette a day, during the past 3 months; 
(5) Alcohol consumption, if the twin answered 
affirmatively to drinking beer, wine or liquor daily 
during the past 3 months; 
(6) Respiratory disease, if the twin reported 
asthma, chronic obstructive pulmonary disease or 
lung cancer; 
(7) Bad sleep, when the twin regarded his/her 
sleep to be of poor quality at least three times weekly 
in the past 3 months; 
(8) Breathing pauses, if the twin or bed partner 
reported that the subject either experienced episodes 
of cessation of breathing, or gasped or snorted as 
often as once weekly; 
(9) Excessive daytime sleepiness (EDS), if the 
twin reported experiencing ‘excessive’ daytime 
sleepiness at least three times weekly. 
Three groups of twins were identified according 
to snoring status-Group A, twins concordant for 
non-snoring; Group B, twins discordant for habitual 
snoring; Group C, twins concordant for habitual 
snoring. In order to test if the concordance of snoring 
in monozygotic twins was higher than in dizygotic 
twins, the probandwise concordance rate (number of 
concordant individuals divided by number of index 
cases) was calculated using x2 test (8). The variables 
between Groups A and C were compared by the t-test 
or x2 test, as appropriate, to confirm that the gener- 
ally known statistical association between the expo- 
sure factor and snoring also existed in the studied 
sample. 
Intrapair comparisons in twins discordant for 
habitual snoring, a powerful analysis to investigate 
the role of life habits on snoring status, were 
performed by the paired t-test or McNemar test, 
as appropriate. In order to study the independent 
association of the variables with snoring status, two 
stepwise logistic analyses were performed (LR 
procedure-BMDP): 
(1) The risks of the variables associated with being 
concordant for snoring (group C) vs. being concor- 
dant for non-snoring (group A) was estimated; 
(2) In the discordant group (group B), the risk of 
variables associated with the snoring status was 
estimated by a case-control logistic model. The rela- 
tive risks (RR, exponential of the coefficient) and 
confidence intervals (CI) are presented. 
Results 
From 495 pairs of twins, 384 pairs (246 mono- 
zygotic and 142 dizygotic) were considered in this 
study. For 61 pairs, one of the two twins refused to 
answer all the questions. Another 50 pairs were 
excluded as doubtful information was given, and/or 
further insight on sleep habits was not available from 
the bed partner. 
The frequency of snoring in the sample of mono- 
zygotic twins was 20% (99 of 492) and 25% (72 of 
284) in the dizygotic group. The probandwise concor- 
dance rate was 67% for the monozygotic and 50% for 
the dizygotic twins (P=O.12). 
At the univariate analysis (Table l), age and body 
mass index (BMI) were significantly higher in 
monozygotic and dizygotic twins concordant for 
habitual snoring, compared to twins concordant for 
non-snoring. In both the monozygotic and dizygotic 
pairs, the percentages of males and smokers were 
significantly higher in habitual snorer pairs, as were 
the percentages of subjects who reported weight 
increase, large meal, respiratory diseases and EDS, in 
both monozygotic and dizygotic pairs. With regard 
to alcohol consumption, the percentage of subjects 
was significantly higher in dizygotic habitual snorer 
pairs, but not in the monozygotic, compared to 
non-snorer pairs. 
Concerning the discordant groups for habitual 
snoring (Table 2), in the monozygotic pairs, the 
percentage of subjects reporting breathing pauses 
was higher in snorers, while in the dizygotic pairs, 
BMI was significantly higher in snorers. 
At the multivariate analysis, the risk of being 
concordant for snoring vs. being concordant for 
non-snoring in monozygotic pairs was associated 
with age (RR, 1.04; CI, l.Ol-1.08) sex (RR, 3.02; CI, 
1.61-5.67), BMI (RR, 1.09; CI, 0.99-1.20), weight 
increase (RR, 1.95; CI, 0.95-3.98) and breathing 
pauses (RR, 20.5; CI, 5.91-70.8). In the dizygotic 
pairs, the same risk was associated with age (RR, 1.7; 
CI, l.Ol-1.13) sex (RR, 8.17; CI, 2.41-27.7), BMI 
(RR, 1.21; CI, 1.061.37) smoking (RR, 3.9; CI, 
1.29-11.8) and respiratory disease (RR, 6.59; CI, 
1.23-35.4). 
As far as monozygotic twins were concerned, BMI 
(RR, 1.4; CI, 0.91-2.13) and breathing pauses (RR, 
7.7; CI, 0.86-69.1) were independently associated 
with snoring status in the discordant group. In the 
dizygotic discordant twins, BMI (RR, 2.28; CI, 1.12- 
4.63) and large meal (RR, 6.4; CI, 0.9742.2) were 
associated with snoring status. 
Discussion 
Habitual snoring and OSA seem to be the extremes 
in a series of pathophysiological events which origi- 
nate from upper airway narrowing during sleep (9). 
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Table I Twins concordant for non-snoring and twins concordant for habitual snoring 
Monozygotic twins 
Non- Habitual 
snorers snorers 
(n = 393) (n=99) 
Dizygotic twins 
Non- Habitual 
snorers snorers 
(n=212) (n=72) 
Age (years) 49.9 (9.2) 55.0 (9.4)* 54.1 (11.0) 58.9 (5.4)? 
Sex (% male) 31.9 63.6$ 31.2 83.33 
BMI (kg m-*) 22.9 (3.4) 25.1 (3.6)* 22.8 (3.6) 26.5 (4.0)t 
Weight increase (% subjects) 17.5 28+3$ 24.4 41.6* 
Large meal (% subjects) 14.7 24.2* 8.5 22.2* 
Smoking (% subjects) 28.9 42.4t 44.9 77.73 
Alcohol (% subjects) 56.4 68.2 39.8 69.4% 
Respiratory disease (% subjects) 6.4 7.51 3.9 16.7t 
Breathing pauses (% subjects) 1.0 19.7t 0.0 0.0 
‘Bad sleep’ (%I subjects) 12.8 10.6 27.7 26.1 
EDS (% subjects) 20.8 28.8* 19.9 47.21 
Values are expressed as mean (SD) or percentage; BMI, body mass index; analysis performed by 
r-test or x2 test, as appropriate; *P<O,OS; tPc0.01; $P<O.OOl. 
Table 2 Characteristics of twins discordant for habitual snoring 
Monozygotic twins Dizygotic twins 
(33 pairs) (36 pairs) 
Non-snorers Snorers Non-snorers Snorers 
Sex (% male) 
BMI (kg m -‘) 
Weight increase (% subjects) 
Large meal (% subjects) 
Smoking (% subjects) 
Alcohol (% subjects) 
Respiratory disease (% subjects) 
Breathing pauses (% subjects) 
‘Bad sleep’ (‘l/o subjects) 
EDS (% subjects) 
24.1 (3.4) 24.9 (3-6) 
33.0 42.0 
18.0 33.0 
45.0 48.0 
60.6 63.6 
27.0 27.0 
6.0 33.0* 
22.0 18.0 
30.0 33.0 
36.1 33.3 
22.2 (2.2) 24.4 (3.0)t 
16.7 33.3 
33.3 50.0 
27.8 38.9 
58.3 63.9 
0.0 2.8 
0.0 8.3 
8.3 19.4 
22.2 11.1 
Values are expressed as mean (SD) or percentage; BMI, body mass index; analysis performed by 
paired t-test or McNemar test, as appropriate; *P<O.O05; tO.001. 
In a previous paper, we found an abnormal distri- 
bution of fibre types in the medium pharyngeal 
constrictor muscle of habitual snorers, and we 
suggested the possible inheritance of the muscle 
abnormality (4). 
A recent non-polysomnographic study showed 
that familial/congenital factors may be important in 
the pathogenesis of OSA, suggesting the potential 
importance of interactions between potentially in- 
herited anatomic and physiologic risk factors in 
influencing genetic susceptibility to OSA (10). In 
that study, a possible confusing factor was the inheri- 
tance of obesity because the OSA patients were obese 
(mean BMI=37). Other authors performed a 
prospective study on first degree relatives of 20 
non-obese OSA subjects, and found an increased 
frequency of abnormal breathing during sleep (11). 
The authors suggested a possible inherited abnorrnal- 
ity in terms of altered soft tissue or fat deposition in 
the neck, or a defect in the control of upper airway 
calibre. 
Our data tend to support the hypothesis of genetic 
influences on snoring, as the probandwise concor- 
dance rate for habitual snoring was higher in 
monozygotic twins than in dizygotic twins, though it 
was not statistically significant. 
Some authors have reported the possible limitation 
of the questionnaires used in epidemiological studies 
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on snoring (12). However, concerning our definition 
of ‘habitual snoring’, a recent study of validation of 
self-reported snoring by ambulatory night recordings 
showed a highly significant association between 
‘often or always’ reported snoring and snoring 
objectively recorded by microphone (1). 
Since it has been reported that the presence of the 
co-habiting partner had a significant effect on the 
answer to the question about habitual snoring (13), 
several subjects in our study were excluded because 
doubtful information was given and further insight 
on sleep habits was not available from the partner. 
However, a limitation of our study is the lack of 
examination of patients and, consequently, the 
impossibility to evaluate some diseases in the upper 
airways, as deviation of the septum and/or polyps in 
the nose, large tongue etc. 
By comparing pairs concordant for habitual 
snoring vs. pairs concordant for non-snoring, our 
study confirms that habitual snoring is significantly 
associated with older age, male gender, higher BMI, 
smoking, large meal, weight increase, respiratory 
diseases (3,14,15), and EDS (15,16). This last associ- 
ation could be due to some of the snorers having 
OSA or the fact that snoring disrupts sleep. The 
percentage of our subjects who reported ‘breathing 
pauses’ was higher in habitual snorer monozygotic 
pairs than in non-snorer monozygotic pairs, but no 
difference was found for ‘bad sleep’. 
None of our considered variables appear to differ 
significantly between the twins of the discordant 
groups, except for ‘breathing pauses’ in monozygotic 
pairs, and BMI in dizygotic pairs. The multivariate 
analysis in the discordant groups confirms that BMI 
is more strongly associated with habitual snoring in 
dizygotic twins than in monozygotic ones (RR, 2.28 
vs. 1.40). Our logistic analysis shows that other 
variables, such as smoking and respiratory disease, 
are associated with habitual snoring in dizygotic 
pairs, but not in the monozygotic twins. Also, these 
findings suggest that the life habits we investigated 
are less important than genetic predisposition in the 
development of habitual snoring. In any case, our 
data have to be considered preliminary, and more 
detailed twin studies, including nocturnal poly- 
somnography and upper airway evaluation, could 
better elucidate genetic influences on snoring and 
OSA. 
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